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Memory deficit is the most prominent and earliest
recognized feature of dementia of the Alzheimer’s
type (DAT).1–3 It is now well established that im-
pairment of episodic memory is a major feature of
DAT patients.4,5 In addition, a deficit of semantic
memory in these patients has also been reported.6–9
However, this deficit is usually overshadowed by
the impairment of episodic memory. Studies of
semantic memory problems in DAT patients pro-
yposed that the impairment of semantic memor
is also evident in early-stage DAT, and that this
gdeficit might be more valuable in discriminatin
between DAT and other kinds of dementia.4,10–13
However, the underlying neuropsychologic mecha-
nism responsible for this deficit in DAT is still
a matter of debate.13,14
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Loss of semantic knowledge is a result of a
breakdown in the semantic network during the
course of DAT,15–18 even in the early stage.10,18
Impaired access to semantic information, however,
has also been postulated to account for the deficit
of semantic memory in DAT patients.19–22 Impor-
tant data supporting the structural hypothesis
mainly come from Hodges et al.6,9,23 They used
clinical tests such as visual confrontation naming
and semantic association of verbal fluency to 
examine the semantic memory deficits in DAT
patients. The results of these tests showed a break-
down in the hierarchical structure of patients’
semantic knowledge. Recently, based on multidi-
mensional scaling (MDS), Chan et al24–26 exam-
ined the semantic memory function in patients
with DAT, and their results further support the
structural hypothesis. However, other studies
found that a retrieval deficiency in DAT patients
might contribute to their poor performance in
the semantic memory tasks.14,22,27 Nebes and
Hallighan28,29 reported that not all DAT patients
exhibited normal semantic memory, and they at-
tributed some patients’ impaired performance
on the semantic memory tests to an overload of
attentional demands for retrieval.
An incompatible degree of severity of dementia
in patients with DAT in previous studies might
account for the inconsistent findings. For instance,
several studies reported remarkable semantic mem-
ory problems in DAT patients, without mentioning
the severity of their dementia.10,18,23 Other studies
concluded that early DAT patients evidenced se-
mantic memory deficits, without comparing them
to patients in other stages of the disease.12,30 Our
review found only two studies which investigated
semantic memory performance in patients with
different degrees of severity,4,31 and both reported
that not all questionable-to-mild DAT patients
(MMSE32 > 17) had semantic memory deficits.
Therefore, the heterogeneous samples of DAT 
patients used in previous studies may have led to
the inconsistencies in the reported findings on
semantic memory deficits.
The acquisition of semantic knowledge de-
pends mostly upon formal education. Thus, there
fis an implied relationship between the extent o
formal education an individual receives and se-
mantic knowledge acquisition. Most DAT patients
tincluded in studies of semantic knowledge had a
rleast a high-school education. However, whethe
DAT patients with only an elementary school edu-
cation also exhibit semantic memory dysfunction
and whether their defective pattern is compatible
with patients with higher education levels have
not been investigated. The goal of this study was to
avoid the methodologic failures of previous stud-
ies in exploring the feasibility of the function and
structural hypotheses of semantic memory dys-
function in DAT. Accordingly, we recruited a co-
hort of lo t w-educated DAT patients with differen
degrees of dementia, as evaluated by the Clinical
Dementia Rating Scale (CDR).33–35 The follow-
ing specific questions were thus investigated: (1)
whether semantic memory function of DAT pa-
rtients with low education levels is similar to thei
episodic memory function, i.e. vulnerable to the
disease process; (2) whether a deficit of only sem-
cantic retrieval reflects a loss of access to semanti
knowledge, or of both semantic retrieval and recog-
nition that might implicate a breakdown of the
semantic function system; (3) whether a retrieval
deficit becomes evident in the early stage of DAT,
i.e. in the questionably or mildly demented pa-
rtient, or in the late stage, i.e. in the moderately o
cseverely demented patient; (4) whether semanti
tretrieval and recognition deficits become eviden
rin the early stage of DAT, i.e. in the questionably o
mildly demented patient, or in the late stage, i.e. in
the moderately or severely demented patient.
Methods
Subjects
A total of 197 subjects, including 165 patients with
DAT and 32 healthy control subjects participated
in this study. All participants signed a written
informed consent prior to enrollment. The diag-
nosis of DAT was made by neurologists at the
rNational Taiwan University Hospital (NTUH) o
at the Chang-Gung Memorial Hospital (CGMH) 
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according to the criteria proposed by the National
Institutes of Neurological and Communicative Dis-
orders and Stroke and the Alzheimer’s Disease
and Related Disorders Association (NINCDS-
ADRDA),36 which comprised the study inclusion
and exclusion criteria.
DAT patients were recruited when they visited
the neurology clinics of two medical centers in
northern Taiwan, i.e. NTUH and CGMH. Patients
with a history of suspected psychiatric problems,
cerebrovascular insults, traumatic brain injuries,
or other major medical illnesses (e.g. cancer,
thyroid dysfunction, etc.) were excluded.
The 165 DAT patients were divided into the
following four subgroups on the basis of their
CDR scores: questionable (n = 55, CDR = 0.5), mild
(n = 60, CDR = 1.0), moderate (n = 39, CDR = 2.0),
and severe dementia (n = 11, CDR = 3.0). The mean
age, years of education, and MMSE scores of DAT
patients and healthy control subjects are shown
in Table 1.
Memory measures
Because of the low educational level of our sub-
jects (M=6.42, SD=4.89), the use of conventional
episodic memory tasks such as the Logical Memory
Test of the Wechesler Memory Scale–Revised37
and semantic memory tasks such as the priming
task29 and the DRM paradigm38,39 was consid-
ered inappropriate. Therefore, all subjects were
assessed by a battery of neuropsychologic tests
known as the Short-Form Higher Cortical Func-
tion Examination.40 This battery was designed for
the Taiwanese population with low education
level. In this battery, we selected memory subtests
to evaluate subjects’ semantic memory perform-
ance. In brief, these subtests were as follows.
Episodic memory
Six-Object Memory Test: Six familiar objects—soap,
an eraser, scissors, a coin, a battery, and a candle—
were presented to the subjects. In each of the trials,
subjects were asked to name these objects and to
remember them. Five trials were needed to com-
plete the learning phase of the test. Once subjects
answered correctly in two consecutive trials, no T
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further trials were presented. After a 10-minute
delay, subjects were then asked to report a free re-
call of the six objects without prior warning. The
maximum correct score of learning was 30, and
that of delayed recall was 6.
Semantic memory
Object Naming Test: 41 This test consisted of naming
16 familiar objects without cueing (e.g. comb, ring,
key, cup, chopsticks, etc.). The maximum correct
score was 16.
Remote Memory Test: This test consisted of five
questions about important life events in Taiwanese
society, including mainly general knowledge about
local culture. These questions were as follows: “What
do people do at the Tomb Sweeping Festival?”,
“What date is the Mid-Autumn Festival?”, “Which
month is the so-called ghost-month?”, “When do
people display the spring festival poetic couplets?”,
and “What is the traditional food in mid-winter?”
The maximum correct score for both recall and
recognition versions was 15.
Semantic Association of Verbal Fluency Test: This
test, developed by Hua et al,42 consisted of three
different semantic categories—fruit, fish, and
vegetables. Subjects were asked to report as many
items within a category as possible in 1 minute.
The score was a summation of correct responses
in the three categories.
Data analysis
One-way ANOVA and ANCOVA with a post hoc
analysis using Scheffe’s procedure, and Pearson’s
correlation were used to evaluate differences 
between groups. Statistical significance was defined
as a probability value of less than 0.05. Com-
mercially available software (SPSS version 11.0;
SPSS Inc., Chicago, IL, USA) was employed.
Results
One-way ANOVA revealed a significant difference
in education and MMSE scores between controls
and the four DAT groups [F(4, 197)=4.30, p<0.05
for education; F(4, 79) = 79.07, p < 0.0001 for T
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MMSE]. Post hoc analysis of pair-wise differences
in mean years of education between the four sub-
groups using Scheffe’s procedure showed a signif-
icant difference only between the healthy control
group and the patient group with moderate
severity of dementia. In addition, the difference
of MMSE scores was significant between any two
of these four groups, with the exception of the dif-
ference between the moderate and the severe
groups. One-way ANOVA revealed no significant
differences in mean age among groups.
Episodic memory
Six-Object Memory Test. As shown in Table 2, one-
way ANOVA revealed a remarkable difference 
between the healthy controls and all four DAT
subgroups for both immediate and delayed re-
call scores [F(4, 163) = 69.95, p < 0.0001 for im-
mediate recall; F(4, 163) = 41.34, p < 0.0001 for
delayed recall]. Post hoc analysis with Scheffe’s
procedure revealed significant differences in the
analysis of delayed recall between each pair of
DAT groups and controls, with the exception
of moderate and severe DAT groups (p = 0.60)
(i.e. control group > questionable group > mild
group > moderate group = severe group). Because
of the significant difference in educational level
Tbetween healthy controls and the four DA
groups [F(4, 197) = 4.30, p < 0.05], ANCOVA with
years of education was used as a covariate to ana-
lyze memory performance. The results revealed
y the same pattern as found in the analysis b
one-way ANOVA.
Spearman’s correlational study (Table 3) 
revealed that there was a significant negative cor-
relation between dementia severity and both im-
mediate and delayed recall (r = –0.78, p < 0.0001
for immediate recall; r = –0.69, p < r0.0001 fo  
delayed recall).
Semantic memory 
Object naming y. As shown in Table 4, one-wa
tANOVA revealed a significant difference in objec
naming results between healthy controls and the
four DAT groups [F(4, 180) = 28.25, p < 0.0001].
Post hoc analysis with Scheffe’s procedure showed
ca different pattern from that of the episodi
memory performance with only the moderate
yand the severe groups performing significantl
tworse than the other three groups on this tes
(i.e. control group = questionable group = mild
group > moderate group = severe group). Because
of the significant difference in educational level
Tbetween healthy controls and the four DA
Table 3. Spearman’s correlation between dementia severity and memory performance
Six-Object
Six-Object
Semantic
Remote Remote Memory
Memory 
CDR
Object association
memory – memory – Test –
Test –
naming of verbal
recall recognition immediate
delayed 
fluency
recall
(10 min)
recall
CDR 1.00
Object naming –0.58* 1.00
Semantic association −0.77* 0.60* 1.00
of verbal fluency
Remote memory – recall −0.62* 0.71* 0.67* 1.00
Remote memory – recognition −0.62* 0.51* 0.62* 0.54* 1.00
Six-Object Memory Test – −0.78* 0.65* 0.76* 0.66* 0.65* 1.00
immediate recall
Six-Object Memory Test – −0.69* 0.43* 0.65* 0.50* 0.42* 0.80* 1.00
delayed (10 min) recall
*p < 0.0001. CDR = Clinical Dementia Rating Scale.
groups [F(4, 180) = 22.93, p < A0.01], ANCOV
with years of education was used as a covariate to
analyze memory performance. The results re-
vealed the same pattern as found with the analy-
sis by one-way ANOVA.
Remote memory. A significant main effect was
found for groups in both the recall and the
recognition versions [F(4, 167) = 26.22, p < 0.0001
for recall; F(4, 167) = 34.80, p < 0.0001 for recog-
nition]. In the recall version, post hoc analysis
with Scheffe’s procedure showed that controls
Thad significantly better scores than all four DA
groups, except for a lack of difference between
the control and the questionable group or be-
tween the questionable group and the mild group
(i.e. control group=questionable group, question-
able group = mild group > moderate group >
severe group). The performance pattern on the
recognition version was similar to that of the
 Object Naming Test with the moderate and
the severe groups performing significantly worse
 than the other three groups on this test (i.e.
control group=questionable group=mild group>
moderate group = severe group). Again, because
of the significant difference in educational level
between healthy controls and the four DAT groups
[F(4, 167) = 21.27, p < 0.01 for recall; F(4, 167) =
27.73, p < 0.01 for recognition], ANCOVA with
years of education as a covariate was used to ana-
lyze memory performance. The results revealed
ythe same pattern as found with the analysis b
one-way ANOVA.
Semantic association of verbal fluency y. One-wa
ANOVA showed a significant main effect for the
groups [F(4, 194) = 70.43, p < r0.0001]. A simila
 pattern of episodic memory performance was
evident, with significant differences between
each pair of DAT groups and controls, with the
exception of moderate and severe DAT patients
(i.e. control group > questionable group > mild
group > moderate group = severe group). Because
of the significant difference in educational level
between healthy controls and the four DAT groups
[F(4, 197)=56.98, p< f0.01], ANCOVA with years o
reducation as a covariate was used to analyze thei
memory performance. The results still revealed
f ’Semantic memory de icits in Alzheimer s disease
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the same pattern as found with the analysis by
one-way ANOVA.
An additional correlational study was conduct-
ed to examine the relationship between dementia
severity and the semantic memory deficits using
Spearman’s rank-order correlation. The results
(Table 3) also revealed a significant negative cor-
relation between dementia severity and all the
semantic memory tests (r = –0.58, p < 0.0001 for
object naming; r = –0.77, p < 0.0001 for semantic
verbal fluency; r = –0.62, p < 0.0001 for remote
memory–recall; r = –0.62, p < 0.0001 for remote
memory–recognition].
In brief, our results showed that the patients
with moderate and severe dementia performed
poorly on two of the semantic memory tests, i.e.
the Object Naming Test and the Remote Memory
Test, respectively. In contrast, one aspect of 
semantic memory performance, the Semantic
Association of Verbal Fluency Test, was defective
in each stage of Alzheimer’s disease.
Discussion
Episodic memory
The DAT patients in this study had a low level of
education, which makes them quite different from
patients included in most Western studies.35,43–45
Previous studies from the West usually selected
subjects with an educational level above senior
high school (12th grade), and included few illiter-
ate patients. Our results further confirm, however,
that defective episodic memory is the most promi-
nent feature of patients with DAT, even in the early
stage, regardless of educational level.
Semantic memory: a different pattern from
episodic memory
Unlike episodic memory deficits seen in early DAT
patients, our results showed no deficits on most
semantic memory tests until the middle stage of
the disease (i.e. patients with moderate severity of
dementia). These results differ from previous stud-
ies of semantic memory problems in DAT patients.
Hodges et al23 used tests similar to those used in
this study to examine semantic memory deficits in
DAT patients. They found that DAT patients had
ksignificantly poorer performance on a naming tas
cand suggested that a breakdown in the semanti
process occurs in the early stage of DAT. They also
designed various types of semantic memory tests
to examine semantic function in DAT patients to
support this conclusion.9 Two possible reasons
might account for the inconsistencies between the
findings of Hodges et al and the present study.
First, the previous study by Hodges and co-workers
did not systematically investigate the issue of asso-
cciation between dementia severity and semanti
memory deficits. In fact, in their analysis of differ-
ent levels of dementia in DAT patients, Hodges
et al4 yfound that there were not necessarily an
semantic memory deficits in early DAT patients.
Our results confirmed this finding. Second, in the
present study, different tests were used to examine
tthe patients’ semantic memory. It is possible tha
the semantic memory tasks used in this study,
which were designed for subjects with a low level
of education, are less complicated than the tasks
used for the highly educated subjects in the
Western studies. Our review of the literature re-
wvealed no reported studies of the influence of lo
education on semantic memory function. Gener-
ally speaking, low-educated people should have
ra less complicated semantic network than thei
more highly educated counterparts. Accordingly,
the semantic networks of low-educated subjects
rmight be more vulnerable to DAT. However, ou
data did not support this hypothesis. Although
the present study did not compare the perform-
ance of low- and highly-educated DAT patients on
tsemantic memory tests, the results did reveal tha
ceven low-educated patients preserved semanti
memory in the early stage of dementia.
Our patients performed poorly on the Seman-
tic Association of Verbal Fluency Test even in
the early stage of DAT. This result seems to be
consistent with previous studies.46,47 However, the
reason for a difference in the performance pattern
yas compared to results of other semantic memor
tasks remains unclear. One possible explanation
tfor this discrepancy is that the Verbal Fluency Tes
is not a pure test of semantic memory function.
Instead, it may also measure other kinds of cogni-
tive abilities, such as executive function.48–50 Thus,
a poor performance on this task might reflect mul-
tiple cognitive dysfunctions, other than semantic
memory deficits. In fact, Tippett et al51 recently
reported that DAT patients failed in some semantic
memory tasks partially due to impairment of their
semantic selection ability.
Semantic memory deficit: loss of structure 
or inability to access?
Our patients in the early stage of DAT did not 
exhibit a remarkable semantic memory deficit. It
thus appears that semantic system function of
these patients was at least within normal limits,
despite their low educational backgrounds. Accord-
ingly, this finding cannot be explained by a loss
of semantic structure, as hypothesized by some
researchers,4,9,23–26 or an inability to access seman-
tic knowledge, as hypothesized by others.19–22
However, evidence of a remarkable deficit of seman-
tic memory function, reflected by impaired per-
formances on free recall and/or recognition tasks
in our patients with mid- to late-stage DAT, seems
to partially support either of these two hypotheses.
There were several limitations to this study.
First, there are many different methods available
for the investigation of semantic memory deficits
in DAT patients, including MDS methods,24 the
priming test,29 and the DRM paradigm.37,38
Because these conventional tests might be too
difficult for use in assessing the semantic memory
tasks of a low-educated population, we used clin-
ically available semantic memory tasks that were
more consistent with our low-educated patients’
abilities. This selection, however, limited the abil-
ity of this study to clearly differentiate whether
the naming deficits of patients were related to the
semantic impairment, retrieval or the lexical
deficits. Further work is needed to examine DAT
patients with the object identification test or the
word-object matching test to clarify this issue, or
to develop a semantic memory task specifically tai-
lored to a low-educated adult population. Further-
more, although the syndrome of dementia is
associated with a global deterioration of cognitive
ffunction, we did not analyze the influence o
other cognitive deficits, such as executive dysfunc-
tion and language function, on the semantic mem-
ory problems in DAT patients.
In summary, this study showed that all low-
educated DAT patients exhibited defects in
episodic memory and that there was a positive cor-
relation between the severity of dementia and the
severity of memory impairment. However, those
patients with moderate and severe dementia man-
gifested semantic memory problems, includin
 deficits of recollection and recognition. These
results seem to only partially support the hypo-
theses of a loss of semantic structure or of an in-
ability to access semantic knowledge in patients
ywith DAT. Further studies with semantic memor
tasks specifically tailored to such a low-educated
population to re-examine this controversial issue
is necessary.
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